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There is evidence that in many situations the use of a diverse set of two or more crop
varieties in the field has benefits for production. The benefits of varietal diversification
include lower crop disease incidence, higher productivity, and lower yield variability.
Targeted interventions could increase varietal diversity where smallholder farmers lack the
knowledge and access to seeds needed to diversify their varieties. Innovations based on
crowdsourced citizen science make it possible to involve a large number of households in
farmer participatory varietal selection. This study analyses varietal diversification in Bihar,
India, focusing on the effects of the largest citizen science-based intervention to date,
involving 25,000 farmers and 47,000 plots ∗ seasons. The study examines if an increase
in the varietal diversity of major staple crops, namely wheat and rice, under real farming
conditions contributed to: (1) crop productivity and (2) the ability of households to recover
from agricultural production shocks. We used the Rural Household Multi-Indicator Survey
(RHoMIS) as a survey tool for rapid characterization of households and the sustainable
rural livelihoods framework to understand the potential multiple interactions that are
activated within the system by the intervention. We found that an increase in varietal
diversification produced livelihood benefits in terms of crop productivity and the ability
of households to recover from the occurrence agricultural shocks. Finally, outcomes
highlight the effectiveness of development programmes aimed at strengthening rural
livelihoods through participatory approaches and use of local crop varietal diversity.
Keywords: varietal diversification, citizen science, livelihood benefits, sustainable rural livelihoods, India, RHoMIS
INTRODUCTION
Smallholder farmers are exposed to growing uncertainty and risks (IPCC, 2014; Castells-Quintana
et al., 2018). Weather disturbances are increasingly affecting agricultural systems and alternative
sources of income are often limited (Lobell et al., 2011; Gitz and Meybeck, 2012). The likelihood
for an agricultural system to be adversely affected by climatic stressors depends on both social
and biophysical factors (Nelson et al., 2009). Vulnerability is a result of exposure and sensitivity
Gotor et al. Citizen Science Enhances Adaptive Capacity
of agricultural systems to climatic variation, as well as the capacity
of producers to adapt within their livelihood systems (Turner
et al., 2003; Adger, 2006). Short-term and long-term climate
variation can jointly contribute to vulnerability. For example,
smallholders might erode their assets and resources to cope with
the short-term consequences of climatic shocks, and thereby
undermine their long-term adaptive capacity (Otto et al., 2017;
Call et al., 2019; Hansen et al., 2019).
Smallholders can adopt different strategies in response to
climate stressors. These strategies include a more efficient use
of the production factors (including natural resources) (Paavola,
2008; Speranza, 2013), changes in production technology
through the introduction of novel crop management techniques
or the adoption of stress-tolerant varieties or crops (Cho et al.,
2014; Moniruzzaman, 2015; Mutabazi et al., 2015; Salazar-
Espinoza et al., 2015; Call et al., 2019). Different strategies can
help households to manage risk through resource allocation
(Ellis, 2000) or (financial or non-financial) insurance (Yachi and
Loreau, 1999; Barrett et al., 2001). Unfortunately, smallholders
often lack the capital or knowledge to effectively implement some
of these strategies (Gallopín, 2006; Burnham et al., 2018). Thus,
farmers tend tomanage risk largely through seedmanagement, as
well as through labor and land allocation (Di Falco et al., 2007).
An important option for responding to climate risk is on-farm
diversification. It may be achieved through the diversification of
the portfolio of farming-generating activities through increasing
the types or varieties of crops in the field (Di Falco et al.,
2011), crop rotation (Helmers et al., 2001), intercropping
(Raseduzzaman and Jensen, 2017), integration of crops and
livestock (Yesuf et al., 2008; Di Falco et al., 2011) or integration
of trees into crop and/or livestock systems (i.e., agroforestry)
(Verchot et al., 2007; Hansen et al., 2019).
In this paper, we focus on the use of a diverse set of two
or more crop varieties on farms. This strategy relies on the
genetic diversity among the range of varieties used by the farmer.
Varietal diversity can help the farming system to buffer against
adverse environmental conditions (Wolfe, 1985; Lannou and
Mundt, 1996; Akem et al., 2000; Zhu et al., 2000; Østergård
and Jensen, 2005; Kiær et al., 2009). There is evidence that
varietal diversification can reduce crop disease through three
mechanisms: (a) reducing the spread of pathogens, (b) increasing
the distance between sensitive host plants, or (c) increasing
the presence of resistant plants that form a barrier to prevent
dispersion of pathogens (Chin and Wolfe, 1984; Smithson and
Lenne, 1996; Finckh and Wolfe, 1998; Mundt et al., 1999; Zhu
et al., 2000; Mundt, 2002). Further studies provided empirical
evidence that variety richness is associated with an increase
of productivity and a reduction of yield variability (Yachi and
Loreau, 1999; Østergård and Jensen, 2005; Di Falco et al.,
2007). Varietal diversity reduces yield variability because different
varieties respond in different ways to different stresses. Different
varieties can be combined into a portfolio that has a more
stable average yield than any of the individual varieties (Nalley
and Barkley, 2010; Sukcharoen and Leatham, 2016). The risk-
buffering effect of variety portfolios is one reason why rural
households often maintain more than one variety on their farm
(Jarvis et al., 2008; Bellon et al., 2015a).
The above-mentioned studies analyzed the benefits generated
by a varietal diversification strategy mainly through two types of
studies. Observational studies look at empirical relationships in
existing farming systems (e.g., Di Falco et al., 2007). Experimental
studies look at biological mechanisms and experimentally control
for a large number of factors (e.g., Nalley and Barkley, 2010;
Sukcharoen and Leatham, 2016). Even though there is evidence
for a causal relationship between varietal diversity and positive
livelihood outcomes, neither type of study provides evidence that
interventions that introduce new varieties succeed in activating
this causal mechanism. Several things could stand in the way.
Smallholder farmers may lack the knowledge needed to properly
manage and deploy the varietal diversity available to them
(Mulumba et al., 2012; Nankya et al., 2017). Farmers themselves
can generate new knowledge to enable varietal diversification,
but this requires them to be able to identify those varieties
that are suitable for risk reduction and yield increase under
diverse field conditions (Creissen et al., 2016; van Etten et al.,
2019). To test if varietal diversification leads to positive livelihood
outcomes under real conditions, a third type of study would be
needed, focusing on the effectiveness of concrete interventions
in shaping the nexus between the smallholder’s adoption of the
varietal diversification strategy and the livelihood benefits at
household level.
Until recently, such interventions were rarely conducted at
scale. Under real farming conditions, for a farmer, the variety
selection process can be time-consuming and costly (Joshi et al.,
1997). Also, farmer demand for a diverse set of varieties needs
to lead to a more regular supply of these varieties by modern
plant breeding and the commercial seed sector, which often
struggles to create and distribute varieties suited for marginal
niches (Ceccarelli, 1989; van Etten et al., 2017). Even though
participatory varietal selection is now a legitimate exercise in
crop research, the demand expressed by farmers is not always
translated into breeding and seed production decisions (Sumberg
et al., 2013). This requires that expressed demand for varietal
diversity has a certain critical mass and is expressed in terms
of the key decisions to be taken. Recent innovations make
participatory varietal evaluation more scalable, more diversity-
oriented (more varieties in the trials) and more informative
regarding environmental adaptation. van Etten et al. (2019) have
shown that crowdsourced citizen science can support farmer
evaluation of varieties to include a much larger number of
farmers and varieties in participatory trials than was previously
possible. They also showed that varietal evaluation based on
citizen science can generate results that show quantitatively the
causal effect of seasonal climate on crop variety performance.
The present study examines the effect of smallholder adoption
of varietal diversification as a livelihood strategy and the
livelihood benefits at household level that ensue, evaluating
an intervention using the citizen science approach to varietal
evaluation introduced by van Etten et al. (2016, 2019). This
intervention took place in Bihar, India from 2010 to 2017 and
focused on rice and wheat.
We assume that this development programme represents an
exogenous change of the institutional context that provides a
quasi-experimental framework that allows to better identify the
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outcomes of varietal diversification as an intervention strategy.
We focus on two specific potential benefits of varietal diversity:
(1) crop productivity, and (2) the ability of households to
recover from agricultural shocks. We compare the responses
between households who obtained seeds and knowledge on
how to diversify the variety portfolio and households who were
not directly exposed to the development intervention and have
managed their farming practices as usual.
The current analysis is structured as follows: section
Conceptual Framework presents the theoretical approach
adopted; section Study Context introduces the S4N initiative and
the context in which it was carried out; section Methodological
Approach describes the data collection process, the outcome
variables of interest and the methodological approach to the
analysis; while sections Results and Discussion report and discuss
themain results and their implications. The study ends with some
concluding remarks.
CONCEPTUAL FRAMEWORK
The current study aims to investigate if the implementation
of a varietal diversification programme is associated with: (1)
a change in the farming strategies implemented by the rural
households and (2) derived livelihood benefits at household level.
In order to assess this objective, the theoretical foundation of
this study relies on the Sustainable Rural Livelihoods (SRL)
framework (Figure 1) (Scoones, 1998; Bebbington, 1999; Carney,
1999; Ellis, 1999; Niehof, 2004; Martin and Lorenzen, 2016). The
advantage of the SRL approach is that it provides a framework
for a holistic interpretation of the dynamics of development
(Helmore and Singh, 2001; Butler and Mazur, 2007). Indeed, it
proposes a comprehensive insight that emphasizes the livelihood
system of rural households and analyses the ways in which they
adapt their farming strategies to manage external changes to
preserve their livelihoods (Scoones, 1998).
In the SRL framework, changes in the institutional context
can affect livelihood outcomes in two ways. One is an indirect
route through changes in livelihood assets and the capacity of
these assets to cope with the vulnerability context, which can
enhance or diminish the overall livelihood strategy and thereby
affect livelihood outcomes. A second route is that institutional
change can affect livelihood strategies directly and thereby affect
livelihood outcomes.
Our study focuses on this second route: how can a
change in the institutional context, the participation of farming
households in a more information-rich environment about the
performance of assets (crop varieties), affect their livelihood
strategy and holding a broader portfolio of livelihood assets
(varietal diversification)? Within the SRL framework, this
paper mainly focuses on the role of the institutional context,
aiming to identify its effective impact on shaping the relation
between the smallholder’s adoption of a specific livelihood
strategy and the resulting livelihood outcomes. Modest but
well-targeted changes in the institutional context can make
adaptive strategies more efficient and even sustainable in the
long term, thanks to the potential multiple interactions that are
activated within the system (Helmore and Singh, 2001; Butler
and Mazur, 2007). Such changes can consist in targeted scientific
advice, improved technologies, financial facilities, or changes in
government policies.
More in detail, following the SRL framework, the livelihood
system of the rural households is based on three main
elements: livelihood assets, livelihood strategies and sustainable
livelihood outcomes. The asset base upon which households
build their livelihoods comprehends a portfolio of five different
types of assets: natural, financial, physical, human and social
capitals (Scoones, 1998). A household will combine the different
categories of assets available to it in a strategy designed to
accomplish desirable livelihood outcomes (FAO, 2019). However,
a household will modify its farming practices to cope with
the various challenges coming from the outside system. The
outside system is composed of the vulnerability context and
the institutional context, which are both the entry points
for development initiatives. The vulnerability context refers to
the unpredictable events that are beyond the control of the
household and can undermine their livelihoods. The institutional
context refers to a set of formal and informal institutions and
organizations that mediate the ability to implement specific
strategies and achieve tangible results. This aspect is of particular
interest in the SRL framework. Indeed, policies, institutions
and processes influence how households use their assets to
pursue different livelihood strategies. Household assets interact
with structures (government and private sector) and processes
(policies, laws and institutions) responsible for social, economic
and political transformation that can shape the vulnerability
context, the access to the assets and the choice of livelihood
strategies (Adato and Meinzen-Dick, 2002). This may take
place on multiple levels, from the household to community,
national and even global levels. The institutional focus of the
SRL approach gives a practical gain when considering policy
applications, by identifying the structures that play an important
role in resource allocation, and by identifying social rules and
norms that would have an impact on the outcome of an external
intervention (Brock, 1999). This makes it possible to observe how
policies and programmes are able to influence the households’
portfolio of assets and the vulnerability context of reference and
how this, in turn, leads to the adoption of specific strategies
capable of managing the negative impacts on income and food
security caused by extreme climatic events, uncertain agricultural
production and unexpected market shocks.
The analysis perspective offered by the SRL framework makes
it an adequate theoretical framework for the current analysis, as
it highlights the potential multiple interactions that are activated
within the system following a change in the institutional context.
The next paragraph will provide a more detailed picture of the
study context.
STUDY CONTEXT
This study focuses on the Seeds for Needs (S4N) initiative.
S4N started in the 2010 and has been implemented in 14
countries in Africa, Asia and Central America with the aim of
Frontiers in Sustainable Food Systems | www.frontiersin.org 3 October 2021 | Volume 5 | Article 726725
Gotor et al. Citizen Science Enhances Adaptive Capacity
FIGURE 1 | The sustainable rural livelihood framework. Source: adapted from Scoones (1998) and Carney et al. (1999).
promoting and using the diversity of plant genetic resources
as a means to reduce farmers’ vulnerability to climate change
(van Etten et al., 2016; Bioversity International, 2018). More
specifically, the main component of the S4N initiative addressed
the scarce availability of stress-tolerant cultivars, as cropping
systems’ adaptation requires the continuous delivery of varieties
able to address “genotype by environment” interaction (van
Etten et al., 2019). After seed varieties that are potentially
adapted to the local agroecological and climatic conditions were
identified, they were distributed to farmers for participatory
selection by means of on-farm experiments in collaboration with
scientific and extension staff (Dawson et al., 2008). The range
of collaborative research activities engaging farmers together
with scientist is defined as “citizen science,” an emerging trend
that enables research and development (R&D) to be faster,
larger in scale and more focussed on addressing community
needs and contextual factors (Resnik et al., 2015), in this
case, in terms of agricultural research (Ryan et al., 2018). A
second, complementary component addressed the need to raise
farmers’ awareness by conducting capacity-building activities
on sustainable production techniques and the importance of a
diversified agricultural production. Trainings were conducted
in the form of Farmer Field Schools (FFS), a bottom-up
and participatory approach used by scientists and national
extension officers to engage with smallholder farmers (Braun
et al., 2000). These trainings were based on a “learning by
doing” concept and were meant to build farmers’ capacity for
informed decision-making through hands-on experimentation
and frequent interaction for knowledge and experience sharing
(Chandra et al., 2017). For the above-mentioned characteristics,
Nelson (2020) recognized the S4N initiative as effective
implementation of the participatory approach.
In India, the S4N initiative has involved over 25,000 farmers
from 600 villages of 49 districts in 7 states, participating as
“citizen scientists” in around 46,000 participatory varietal trials
(Bioversity International, 2017; van Etten et al., 2019). In this
study, we analyse the resulting outcomes of the activities carried
out in India, in the Vaishali district of Bihar1 that started in
2010. For the current analysis, the State of Bihar was chosen as
a case study for two reasons: firstly, it is the State where S4N
implementation first started, offering the possibility to study the
potential benefit of a change of the institutional context affecting
the livelihood strategies over a longer time span. Secondly, Bihar
is one of the most climate-sensitive states in India. Rainfall
fluctuates greatly from one season to another; it is also densely
populated, with high levels of poverty and 90% of its rural
dwellers are directly employed in agriculture (Tesfaye et al., 2017;
Pagnani et al., 2021) with land holding sizes of <2.5 acres.2
The implementation of this initiative in Bihar provides a
source of exogenous change to the institutional context, which
allows the social scientist a better perspective for an empirical
identification of the link between the different domains of the
SRL framework. Indeed, thanks to the institutional activities,
it is possible to compare the livelihood strategies and their
outcomes for households under the effect of an institutional
change with a counterfactual provided by similar communities
and households that were not explicitly covered by the S4N
development initiative.
1Since 2011, the S4N initiative has been further extended to nine more Indian
states: Uttar Pradesh, Odisha, Madhya Pradesh, Chhattisgarh, Orissa, Punjab,
Haryana, Jammu and Kashmir.
2Bihar ranks lowest amongst the other Indian states in terms of literacy and lags
in socio-economic conditions compared with the national average. Due to high
poverty, inequality and a poor education system, resulting from low investment
and poor governance, Bihar has poor education and health conditions. The
population density in Bihar is double (800 persons/km²) the national average (329
persons/km²) (Rasul and Sharma, 2014).
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The hypothesis is that the S4N approach can improve
the livelihood strategies of smallholder farmers and influence
their livelihood assets. Particularly, the intervention provided
knowledge, skills and practices to enhance the human capital
of those who actively participated in the process. At the same
time, the distribution of new, potentially-suitable seed varieties
contributed to the improvement of their natural and physical
capital. Finally, the participatory approaches of S4N encouraged
the connection between farmers within and across communities,
expanding the social capital of the rural households.
The changes affecting the human, natural and social capital
of smallholder farmers will in turn lead to the adoption of
the crop varieties promoted by the initiative, thus increasing
the genetic diversity in their fields. Finally, farmers who adopt
varietal diversification strategies can obtain further livelihood
benefits in terms of: (1) crop productivity, and (2) the ability to
recover from the occurrence of agricultural shocks.
METHODOLOGICAL APPROACH
Data
The data used for this analysis are generated from a household
questionnaire administered between February and August 2018
(Gotor et al., 2018). Data are available for 600 stratified,
randomly selected rural households of three districts of Bihar:
Saran, Samastipur, and Vaishali. The three districts have been
identified as particularly vulnerable through regional workshops
and therefore suitable for the implementation of climate-smart
agriculture under the CGIAR Research Program on Climate
Change, Agriculture and Food Security (CCAFS).
The S4N initiative was executed with financial support from
the Indian government and strong partnership with national
institutions. Expansion of the field activities during the project
responded dynamically to local demand and capacity. This
precluded the ex-ante definition of project outcomes and thus the
execution of a sounding baseline data collection or randomized
selection of households or communities. The fact that the
S4N initiative did not have a priori control group restrict the
options to create a proper counterfactual (Gotor et al., 2017).
Furthermore, participation in the initiative was open to all
community members and was voluntary. To address these issues,
a stratified random sample was drawn based first on the selection
of the villages where the initiative was carried out and then on
participation in the initiative. Finally, the households within the
villages were randomly selected from household lists obtained
by local authorities. In total, 12 villages from three districts
of Bihar (Saran, Samastipur, and Vaishali3) were identified and
600 rural households were selected, of which 300 participants
and 300 non-participants.4 More in detail, the treatment or
exposed group consisted of 300 households drawn randomly from
project records within the identified villages, while the control
3Floods in Bihar during the southwest monsoons compromised the selection of
some villages in the districts of Saran and Samastipur, making the sample skewed
in favour of Vaishali district.
4From project records, a total of 6,500 rural households participated in the S4N
initiative, of which 1,500 in Saran, 1,500 in Samastipur and 3,500 in Vaishali.
TABLE 1 | Sample composition, number of households per group and villages.
District Village Exposed group Non-exposed group Total
Saran Bhagwanpur 3 15 18
Dharmagt Tola 0 19 19
Khanpur 0 19 19
Rampur Jaitti 18 21 39
Sabalpur 8 13 21
Sultanpur 10 24 34
Sub-total 39 111 150
Samastipur Dhobgama 0 20 20
Harpur 32 16 48
Madapur 14 5 19
Mahamada 36 12 48
Narayanpur 0 17 17
Sub-total 82 70 152
Vaishali Bhathadasi 57 28 85
Fatehpur Chauthai 0 18 18
Kariyo 10 3 13
Kutubpur 0 23 23
Mirpur Patadh 0 5 5
Mukundpur 31 2 33
Panapur 4 1 5
Rajapakar 77 10 87
Sembhopatti 0 20 20
Vishanpura 0 9 9
Sub-total 179 119 298
Total 300 300 600
or non-exposed group consisted of 150 randomly selected non-
participant households within the 12 villages as the exposed
group and of 150 households from 9 other villages that were
similar and proximate, but where the initiative had never been
implemented5 (Table 1). The random assignment of the subjects
to the non-exposed group increases the validity of the assessment;
however, since the group of participating households has not
been randomly assigned to the exposed group, specific statistical
adjustments need to be implemented in the empirical analysis, as
described in the Empirical Analysis section.
The data collection team was composed of three enumerators.
One of them was appointed team leader and was in charge of
cross-checking all data at the end of each day. Enumerators
attended a series of four full-day training and field-testing
sessions. Questionnaires were translated into Hindi, the local
language, for better comprehension of enumerators and farmers.
Electronic tablets were used to record the data using the Open
Data Kit (ODK) platform (Hartung et al., 2010). At the end of
each day, all household data was examined by the team leader
and then uploaded to a server. The household questionnaire
was composed of 17 sections, of which three were specifically
5This study does not analyse the differences between the two different types
of non-exposed groups, while they are considered as a unique group in the
empirical approach. Households without cultivated land were excluded from the
non-exposed groups.
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TABLE 2 | Definition and descriptive statistics of variables employed in the empirical analysis.
Variable Name Description Non-exposed Exposed t-testa
Mean Std. dev Mean Std. dev
Human capital
Age of household head Years of age 46.40 12.96 48.38 11.96 −1.95*
Education of household head Level of education 3.04 1.67 3.16 1.54 −0.97
Household size Number of household members 7.35 3.00 7.78 3.14 −1.71*
Social capital
Gender of household head Dummy variable: 1 = female, 0 = otherwise 0.23 0.42 0.25 0.43 0.45a
Trust in people Dummy variable: 1 = people can be trusted, 0 = otherwise 0.48 0.50 0.78 0.41 59.32a***
Trust and cooperation community Level of trust and cooperation among community members 2.07 0.73 2.40 0.68 −5.79***
Natural capital
Land cultivated Number of acres cultivated by a household 1.71 1.84 1.29 1.25 3.25***
Physical capital
Inputs Total inputs used by a household 5.84 0.40 5.78 0.72 1.13
TLU Tropical Livestock Unit 0.82 0.85 0.79 0.91 0.50
Financial capital
Off-farm income Dummy variable: 1 = household engaged in off-farm activities, 0 = otherwise 0.83 0.38 0.84 0.37 0.19a
Debt Dummy variable: 1 = household find difficult to pay debts, 0 = otherwise 0.52 0.50 0.60 0.49 3.90a**
Formal credit Dummy variable: 1 = household access to formal sources of credit, 0 = otherwise 0.01 0.11 0.09 0.29 19.01a***
Informal credit Dummy variable: 1 = household access to informal sources of credit, 0 = otherwise 0.02 0.14 0.04 0.20 2.66a
Vulnerability context
Weather-related shock Household exposure to pest & disease and climatic stressors 0.05 0.89 −0.05 1.10 1.15
Financial shock Household exposure to decrease sales prices and assets shocks −0.08 0.94 0.08 1.05 −1.90*
Livelihood outputs and outcomes
Adoption rice Number of initiative’s rice varieties adopted by the household 0.20 0.50 1.65 1.08 −21.08***
Adoption wheat Number of initiative’s wheat varieties adopted by the household 0.31 0.61 1.91 1.12 −21.79***
Rice SDI Measure of rice diversification in the field 0.60 0.22 0.62 0.22 −1.32
Wheat SDI Measure of wheat diversification in the field 0.56 0.21 0.60 0.22 −2.33**
Rice PYC Perceived rice yield trend (5 years) 0.67 0.95 0.92 1.00 −3.14***
Wheat PYC Perceived wheat yield trend (5 years) 1.10 0.96 1.37 0.91 −3.59***
Recovery capacity Household’s ability to recover from shocks 1.44 1.43 1.52 1.46 −0.62
t-test H0: diff = 0. Level of significance: *10%; **5%; ***1%.
aPearson χ2 test implemented in case of dummy variables. Vectors of means are equal for the two groups, F(22, 577) = 30.7077, Prob > F(22, 577) = 0.0000.
devoted to measuring the possible effect of the S4N intervention
and focusing on the: (1) participation of farmers in the S4N
activities, (2) households’ exposure to shocks and their recovery
capacity, and (3) detailed information on the wheat and rice
cultivation (S4N target crops). For item (3), specific information
was gathered on the number of wheat and rice varieties that were
sown in the previous 5 years, the seed source, the characteristics
of most-preferred seeds, the quantity produced in the last and
second to last growing season, quantities consumed and sold,
as well as the average market price. Moreover, the questionnaire
explored the frequency of climate-induced harvest losses of rice
and wheat cultivation, and a self-reported scale was used to assess
the perceived extent of recovery following their occurrence. The
remaining sections are adapted from the Rural Household Multi-
Indicator Survey (RHoMIS), a household survey tool designed
to rapidly characterize a series of standardized indicators
across the spectrum of agricultural production and market
integration, nutrition, food security, poverty and greenhouse
gas emissions, as well as standard socioeconomic information
on household demographics, education, landholdings, sources
of income, migration and gender-disaggregated decision-making
power allocation (Hammond et al., 2017). The survey was
designed to reduce the time burden for interviews, to refine
the accuracy of responses, and to maximize consistency between
different studies. The RHoMIS questions were tailored following
enumerators’ feedback during the training.6.
Indicators
The Simpson’s Diversity Index (SDI) (Simpson, 1949) is used
to test the hypothesis that on-farm exposure to new varieties
of wheat and rice led to a higher varietal diversity. This
index is among the most suitable indexes for measuring crop
6The original data and the survey are available on request at the following
doi: 10.7910/DVN/DW2W9J.
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diversification patterns and is calculated as:




where Pj = Aj/
∑
Aj is the share of the j-th varieties area over
the total cultivated area for the specific crop. Value ranges start at
zero (0) (only one variety cultivated), and approach 1 whenmany
varieties are cultivated in equal shares.
Following Gotor et al. (2013), the effect on crop productivity
was measured in terms of perceived change of yield (PYC) over
the last 5 years. This is a self-reported measure, which ranged
from−4 (100% decrease of yield) to 4 (increase of 100% ormore).
The variable assumes a positive (negative) value equal to 3, 2 or 1
when the household perceived an overall yield increase (decrease)
of respectively∼75, 50, and 25%.
Moreover, the model controls for both financial and weather-
related shocks. A specific set of questions was formulated to
capture the ability of households to recover from them. To
obtain a measure of ability to recover, households self-assessed
their capacity to recover from: (a) a decrease in the sale
price, (b) a shock affecting their assets, (c) an increase of pest
and disease occurrence, and (d) from direct climatic stressors.
Based on the answers to these recovery capacity questions, a
cumulative variable on the household recovery capacity (RC) was
constructed. We summed the frequency of positive (+1) and
negative (−1) answers indicating their ability to recover from
shocks. If the household declared that it was not exposed to the
specific shock, it was counted as a 0 response. Thus, RC values
can range between−4 and+4.
Finally, the specific variables selected to define the different
livelihood assets are based on the theoretical and empirical
literature. Human capital is associated with the age and level
of education of the household head, as well as the number
of household members. Social capital is associated with the
gender of the household head and a self-assessment of trust in
people and levels of trust and cooperation within the community.
As concerns the former, female-headed households generally
face greater social barriers that may limit their access to
information and other resources (Tenge et al., 2004; García de
Jalón et al., 2018). Natural and physical capital is associated
with the extension of cultivated land and the total amount of
agricultural inputs (i.e., fertilizer, manure, compost, pesticides,
irrigation facilities, and tillage methods). Lastly, financial capital
is represented by four different dummy variables based on:
pursuit of off-farm income generating activities, ownership of
debts, access to formal sources of credit (from the government,
NGOs or other organizations) and access to informal sources of
credit (from family, friends or neighbors). The description and
descriptive statistics of the variables used in the empirical analysis
are shown in Table 2.
Empirical Analysis
Two empirical analyses were carried out: the first analysis consists
in the identification of the casual effect of the institutional
context change on a set of key livelihood outcomes. The research
hypothesis underpinning the overall study is that the household’s
exposure to the S4N intervention activities may provoke changes
to the smallholder farmers’ seed portfolio, increasing the genetic
diversity in their fields, thus generating livelihood benefits for
the households in terms of crop productivity and the ability to
recover from agricultural shocks.
However, the institutional change does not occur randomly,
since, even if there are households from communities that
are not involved in the intervention, the sample obviously
includes a group of households that have autonomously decided
to participate in the initiative activities. Thus, the group of
participating households has not been randomly assigned to
the exposure, and therefore large differences in terms of
compounding factors may exist between the two groups, yielding
to biased estimates of the initiative’s effects. For this reason,
this empirical analysis relies on a specific estimator used in
quasi-experimental study, the doubly robust (DR) (Bang and
Robins, 2005), to quantify if any substantial differences between
households participating in the initiative, compared to those
that have not been involved, can be effectively attributed to the
institutional change.
DR estimator combines two different approaches to estimate
the causal effect of an exposure on the outcome: a specification
for the outcome regression and a specification for the exposure.
This ensures the robustness of the results because possible
forms of misspecification of the model due to selection bias and
confounding effects are both considered (Emsley et al., 2008;
























where Yi,1 is the observed outcome when the i-th household was
exposed to the initiative and Yi,0 is the outcome if the household
was not exposed, xi is a vector of the livelihood assets (capturing
human, physical, natural, financial and social capital of the i-
th household) and p(Xi) the conditional probability of being
exposed or propensity score (Wi = 1) vs. unexposed (Wi = 0):
p (xi) = pr [Wi = 1|xi] (2)
The second empirical analysis consists in the assessment of the
specific consequentiality of the steps as theorized in the SRL
framework, linking the livelihood benefits (i.e., positive change in
productivity and capacity to recover) to the households’ adoption
of varietal diversification strategies and the institutional context.
To assess the above-mentioned relationships, it is necessary to
link how the exposure to the S4N activities may influence the on-
farm varietal diversification, and if the latter can be reasonably
linked to the yield change and the household recovery capacity to
shocks. In order to test all the above-mentioned relationships, a
simultaneous system of equation has to be formulated ad hoc and
estimated via a Generalized Method of Moments (GMM).
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The stochastic version of the system is formulated for the i-th
household and for the j-th crop in the following way:
Equations (1) and (2) : SDIj,i = xi
′θj + γjParticipationi
+ τjAdoptionj,i + vj,i (3)
Equations (3) and (4) : PYCj,i = xi
′αj + βjSDIj,i + uj,i (4)




δjPYCj,i + ei (5)
This system of equations explicitly analyses the dynamic linkages
among initiative participation (Participation), adoption of the
wheat and rice varieties supported by the initiative (Adoption)
and initiative’s outputs, such as varietal diversification measures
(Simpson’s Diversity Index - SDI). Moreover, it analyses the link
between the initiative’s outputs (varietal diversification) and two
livelihood outcomes, the perceived change of yield (PYC) and the
overall recovery capacity of the households from shocks (RC).
The system of equations includes as confounding variables the
livelihood assets xi (variables capturing human, physical, natural,
financial and social capital of the i-th household) while θ, α,
and ω are the parameter vectors of the equations’ system that
measure the effects of the livelihood assets on the dependent
variables; while vji, uji, and ei are the error components. Finally,
the estimation of the parameters τ , β, and δ allows us to test
the consequential links between the outputs and outcomes of the
initiative. Indeed, through the estimation of the parameter τ , the
model measures whether adoption of the varieties disseminated
through the initiative affects varietal diversity of wheat and rice
(Equations 1, 2). The β parameter tests, for each crop, the
existence of a linear relation between the varietal diversity and
the perceived change of yield (Equations 3, 4), while δ measures
the association between the perceived changes of the two crops’
yield and the i-th household’s capacity to recover from shocks
(RC) (Equation 5). Since two target crops exist, a total of five
simultaneous equations will be estimated (two for the SDI, two
describing the perceived change of yield and one for the overall
recovery capacity).
The above-mentioned approach controls for reverse causality
and other possible sources of endogeneity (Heckman and
Vytlacil, 2005), conditionally on the variables chosen as
instruments. Instruments have been selected according to the
plausibility of the assumptions, as well as the outcomes of the
diagnostic tests. Household participation to the initiative (yes
or no) and the number of adopted wheat and rice varieties
supported by the initiative have been used as instruments,
assuming that they may influence the perceived change of yield
only through the use of varietal diversification. Similarly, the
varietal diversification is assumed to influence the households’
recovery capacity only through an effect on the perceived change
of yield. Finally, following Bellon et al. (2015b), households
were weighted by the inverse probability (IPW) of initiative
participation, which controls for potential sources of selection
bias. The IPW weighting considers the observable differences
of the livelihood assets between households that have the
opportunity to be exposed to the initiative and the households
that were excluded. Diagnostic tests were carried out to confirm
the validity of the instruments (Durbin–Wu–Hausman test for




The mean value and the standard deviation of the variables
employed in this study are shown in Table 2. The variables
related to the five capitals (i.e., human, social, natural, physical
and financial) are shown in top half of Table 2. The principal
differences between the two groups (exposed and non-exposed)
FIGURE 2 | Perceived change of yield (PYC) for wheat and rice, and recovery capacity index (RC) by exposure to the S4N initiative.
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TABLE 3 | Results of the doubly robust estimator.
Non-exposed Exposed DR estimate p-value Range Benchmarka DR estimate (%)b
Rice SDI 0.602 0.633 0.031 0.042 0–1 0.602 5.15
Wheat SDI 0.561 0.622 0.061 0.000 0–1 0.561 10.87
Rice PYC 0.690 0.875 0.185 0.053 −4; +4 4.690 3.94
Wheat PYC 1.102 1.347 0.245 0.016 −4; +4 5.102 4.80
Recovery capacity 1.377 1.778 0.401 0.001 −4; +4 5.377 7.46
aBenchmark was rescaled adding 4 to the non-exposed value.
bCalculated as (DR estimate/Benchmark) × 100.
are most notable in terms of human, social, natural and financial
capitals. Households exposed to the initiative have on average
a greater number of members and are headed by older people,
besides having a higher level of confidence in people and among
community members. Moreover, exposed households have a
smaller extension of cultivated land (1.29 acres compared to
1.71 acres for the non-exposed), but exhibit a higher level
of indebtedness (an average value of 0.60 compared to 0.52
for the non-exposed). The average size of the land holdings
in Bihar is <2.5 acres (91% farmers), with that of marginal
and small farmers ranging from 0.80 to 1.25 acres, respectively
(Government of Bihar, 2020). They are often resource-poor
farmers with lower ability to afford mechanization and services,
due to which they exhibit a higher level of indebtedness.
Compared to other north-western states of India, Bihar is
characterized by poverty and high population density. Therefore,
the farmers there are more prone to agricultural risks, which in
turn leads to indebtedness. Conversely, we saw no significant
differences in terms of physical capital between those exposed to
the initiative and those who were not exposed.
When considering the variables related to the vulnerability
context, the households participating in the initiative on average
registered a higher exposure to financial shocks but a lower
exposure to pest and disease, and climatic stressors. However, the
difference among the two groups is statistically significant only in
terms of exposure to financial shocks.
As expected, the number of varieties adopted by the
households is higher for those exposed to the initiative, even if
the differences in terms of varietal diversification between the
two groups are not particularly evident (the differences between
exposed and non-exposed are significant only for the level of
varietal diversity of wheat). With regard to the perceived change
of yield, the mean value of the exposed households is higher than
the value of the non-exposed one (as can be seen from Figure 2).
Lastly, data reported in Table 2 show that there are no noticeable
differences between exposed and non-exposed households in
terms of the ability to recover from agricultural shocks.
S4N Initiative’s Impact
As discussed in the previous paragraph, both exposed and
non-exposed groups of households showed some differences
in terms of livelihood assets. The DR estimator addresses this
difference to allow for a proper comparison between the two
groups. Results of the exposure equation are detailed in the
Appendix (Table A1). Results of the DR estimator are shown
in Table 3, identifying the effect of the institutional context
change on livelihood outcomes. It is evident that exposure to
initiative activities generated positive and significative changes on
the variety portfolio of smallholder farmers, specifically on the
varietal diversification of target crops. The Simpson’s Diversity
Index for rice was around 0.6 for the non-exposed and 5% higher
(+0.03) for exposed households. The varietal diversity of wheat
increased even more. In this case, Simpson’s Diversity Index for
wheat for non-exposed households was similar of those for rice
(0.56), while the effect of participation in the initiative increased
this to 11% (+0.06) (Table 3).
The DR results also confirm the research hypothesis
underpinning the overall study, namely that exposed households
can obtain livelihood benefits in terms of crop productivity
and ability to recover from shocks. As can be seen from the
equations we applied, the effect on the perceived change of yield
is positive and significant. In this case, the impact generated by
the S4N initiative was still higher for wheat: exposed households
benefitted from an increase of themean PYC value of 0.185 points
for rice and 0.245 points for wheat, which corresponds to a yield
increase of +3.94% for rice and +4.80% for wheat. Lastly, at the
bottom of Table 3, the effect on households’ recovery capacity
is reported, showing an increase in their ability to recover from
shocks of around 0.40 points in the RC scale ranging from −4 to
+4 compared to non-exposed households that have an increase
corresponding to around 7% of the actual mean value. The above-
mentioned results could be considered a conservative estimate of
the S4N initiative since they ignored the existence in the control
group of any spillover effect.
Econometric Results
The last part of our analysis is based on the estimation of
five simultaneous equations (Table 4). This analysis aims to test
the Theory of Change based on the SRL framework. Equations
(1) and (2) analyse the relationship between the change in the
institutional context (measured in terms of participation in the
activities proposed by the initiative and the intensity of adoption
of the varieties promoted by the initiative) and the level of varietal
diversity maintained on-farm by the households (proxied by the
Simpson’s Diversity Index).
The results of Equations (1) and (2) show a positive and
significant relation between the adoption of the introduced
varieties and the level of diversification, both for rice and
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Coeff. p-value Coeff. p-value Coeff. p-value Coeff. p-value Coeff. p-value
Livelihood outputs and outcomes
Participation −0.029 0.231 0.019 0.265
Adoption rice 0.047 0.001
Adoption wheat 0.028 0.000
Rice SDI 1.968 0.009
Wheat SDI 3.006 0.010
Rice PYC 0.260 0.746
Wheat PYC 1.810 0.049
Human capital
Age of household head 0.000 0.694 0.000 0.541 0.000 0.964 0.001 0.819 −0.009 0.316
Education of household head 0.004 0.520 0.009 0.146 0.093 0.014 0.077 0.130 −0.186 0.088
Household size 0.002 0.450 −0.001 0.655 0.011 0.444 0.008 0.626 0.011 0.768
Social capital
Gender of household head −0.060 0.018 −0.040 0.105 −0.262 0.052 −0.266 0.104 1.004 0.005
Trust in people 0.028 0.291 −0.007 0.809 0.218 0.165 0.218 0.229 −1.341 0.001
Trust and cooperation
community
−0.053 0.001 −0.046 0.003 −0.013 0.897 0.147 0.173 −0.241 0.279
Natural capital
Land cultivated 0.003 0.004 0.003 0.005 −0.011 0.072 −0.004 0.566 −0.005 0.767
Physical capital
Inputs 0.010 0.497 0.046 0.007 0.046 0.616 −0.145 0.141 −0.163 0.383
TLU 0.031 0.002 0.019 0.042 0.014 0.804 −0.109 0.080 0.018 0.917
Financial capital
Off-farm income −0.033 0.169 −0.001 0.958 0.105 0.461 0.032 0.854 −0.232 0.491
Debt 0.067 0.000 0.047 0.007 −0.011 0.911 −0.123 0.320 0.100 0.627
Formal credit 0.004 0.929 −0.035 0.625 −0.107 0.669 −0.062 0.862 0.366 0.530
Informal credit 0.153 0.000 0.132 0.000 −0.438 0.091 −0.389 0.287 0.175 0.782
Vulnerability context
Weather-related shock 0.002 0.849 0.009 0.228 −0.041 0.347 0.021 0.687 0.283 0.026
Financial shock 0.025 0.005 0.028 0.002 0.039 0.364 −0.066 0.266 0.208 0.045
Constant 0.535 0.000 0.296 0.009 −1.101 0.129 −0.296 0.676 2.255 0.097
Significance of bold values < 0.1; R2: 0.25 (Equation 1), 0.21 (Equation 2), 0.11 (Equation 3), 0.14 (Equation 4), 0.18 (Equation 5).
wheat. This is also evident from Figure 3, which shows that the
Simpson’s Diversity Index increases as the number of introduced
varieties that are adopted increases. However, the relation seems
to change course when the number of varieties adopted is greater
than six.
The positive and significant relation between diversification
and the perceived change in rice and wheat yields is evident
from Equations (3) and (4). For rice, the perceived yield
increase is negatively associated with female heads of households.
The perceived change in rice yield was positively influenced
by the level of education of the household head, acres of
land cultivated and the access to informal sources of credit.
Perceived change in wheat yield is negatively associated with the
presence of animals on the farm, measured in Tropical Livestock
Units (TLUs).
Equation (5) analyses the influence of the perceived change
in yield on the overall recovery capacity of the households. This
relation is significant only for wheat, but not for rice. This result
is probably due to the fact that the initiative’s impact was lower
for the latter crop, as previously indicated. The recovery capacity
is even influenced by the social capital; explicitly it is positively
related to female-headed households and negatively related to
high levels of trust in people. Finally, it is possible to observe that
the recovery capacity is positively linked to financial and weather-
related shocks. These results highlight that a perceived increase in
resilience occurs only if households have been exposed to shocks.
The system of equations demonstrates the consequentiality
and causality of the relations between the outputs and outcomes
of the initiative. Regression results provide evidence that: (a) the
adoption of the varieties disseminated through S4N positively
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FIGURE 3 | Relations between the number of initiative-introduced rice and wheat varieties adopted by the household and varietal diversification of wheat and rice
(Simpson’s Diversity Index) (average per household).
FIGURE 4 | Relation between observed SDI of wheat and the estimated PYC (left) and the relation between the observed PYC (wheat) and the estimated RC (right).
affects varietal diversity of rice and wheat (Equations 1, 2); (b) a
more diversified production has in turn positively influenced the
perceived changes of the yield of the two crops (Equations 3, 4);
and lastly, the improved wheat yield trends have enhanced overall
recovery capacity of the households from agricultural shocks
(Equation 5). Figure 4 helps us to understand in more detail
the relation between the observed level of wheat diversification
and the estimated perceived wheat yield trend (left panel) and
the relation between the latter and the estimated overall recovery
capacity of households (right panel). A Simpson’s Diversity Index
of 0.8 is associated with a perceived increase in wheat yield of
over 50% (left panel), that in turn is linked to positive levels of
the household’s recovery capacity (right panel).
Finally, we analyse whether the estimated relationships and
effects of the change in the institutional context are the same
for all the households or whether they may vary according to
the initial level of outcomes and output characterizing each
household. For instance, it could be desirable for positive effects
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FIGURE 5 | Average differences between exposed and non-exposed groups across percentiles of the distribution of the pre-intervention value of the respective
variable. For comparative purposes, outcomes are expressed as standardized values (mean = 0 and standard deviation = 1).
to be larger for the households that need more assistance
than others. Figure 5 reports the estimated differences of
percentiles for each of the five outputs and outcomes of the
intervention between exposed and unexposed households, as
predicted by the system of equations. Again, it is clear that
household exposure to the initiative significantly increases the
intra-species diversity of wheat and rice on farm. For rice,
the exposure to the initiative has an effect on diversification
that is proportional to the prior level of rice diversification
of households. For wheat, however, the effect is not sensitive
to the level of diversification. When observing the impact on
the perceived yields, similar patterns can be identified: the
effects on wheat productivity are positive and similar across
percentiles, while they can vary significantly across percentiles
in rice, suggesting an inverse U-shaped relationship between
rice productivity and the benefits provided by exposure to the
initiative. Finally, the change in the institutional context is
beneficial to the most of the households’ ability to recover from
agricultural shocks, benefitting, in particular, those households
that, being at lower percentiles for the recovery index, are
more vulnerable.
DISCUSSION
It is acknowledged that the use of a diverse set of two or more
crop varieties in the field can help the farming system to buffer
against adverse environmental conditions. Different studies
analyzed the benefits generated by a varietal diversification
mainly through experimental trials under controlled conditions
or through observational studies of existing systems (Sukcharoen
and Leatham, 2016; Nankya et al., 2017). These studies strongly
suggested that varietal diversification can be an effective strategy,
but do not provide empirical evidence on actual interventions.
The current study provides this evidence on livelihood benefits
stemming from the implementation of a strategy focused on
varietal diversification through the analysis of the effects of the
largest intervention so far based on citizen science: the Seeds for
Needs initiative.
DR estimator results indicated that exposure to initiative
activities generated positive and significative changes on the
variety portfolio of smallholder farmers of the target crops, rice
and wheat. Moreover, the DR results confirmed the research
hypothesis underpinning the overall study, namely that exposed
Frontiers in Sustainable Food Systems | www.frontiersin.org 12 October 2021 | Volume 5 | Article 726725
Gotor et al. Citizen Science Enhances Adaptive Capacity
households can obtain substantial livelihood benefits in terms of
increased crop productivity and improved ability to recover from
shocks. In accordance with the findings of Joshi et al. (1997) and
Gotor et al. (2017), outcomes of the current empirical analysis
highlight the effectiveness of development programmes aimed at
strengthening rural livelihoods through participatory approaches
and use of local agrobiodiversity.
The second empirical analysis (system of simultaneous
equations) identified strong causal linkages between households’
exposure to the S4N activities and increased varietal
diversification of farms and livelihood benefits. As shown
by van Etten et al. (2019), access to crop varietal diversity
through crowdsourced citizen science overcomes the lack of
capital and knowledge of Indian farmers and provides a unique
opportunity for them to evaluate and identify varieties that better
adapt to the local context. This, in turn, stimulates farmers to
adopt varietal diversification as a livelihood strategy. They will
then use these varieties in their production fields to boost yields
and improve households’ recovery ability. Results are in line with
previous studies that pinpoint varietal richness as an effective
strategy capable of guaranteeing a more stable average yield and
beneficial effects on crop productivity (Kiær et al., 2009; Nalley
and Barkley, 2010; Sukcharoen and Leatham, 2016), as well as
making farming systems more resilient and less vulnerable to
weather disturbances (Akem et al., 2000; Mulumba et al., 2012).
Interestingly, the results highlight contrasting effects
generated by livelihood assets on livelihood strategies and
livelihood outcomes. Consistently with previous studies (i.e.,
Deressa et al., 2009; Bahinipati and Venkatachalam, 2015;
Malaiarasan et al., 2021), the current study shows that the
presence of animals on the farm (physical capital), the extension
of cultivated land (natural capital) and the access to informal
sources of credit (financial capital) positively influence the
adoption of a strategy focused on varietal diversification of rice
and wheat, although the effect of these assets is negative on the
yield change (livelihood outcome). Female-headed households
are less likely to increase genetic diversity of rice in their fields,
in fact they are associated with negative yield changes, even if
they show positive levels of recovery capacity. This could be
related to the fact that in Bihar (and India in general) women
tend to be excluded from agricultural work due to socio-cultural
restrictions (Government of Bihar, 2020). However, despite the
pronounced gender gap, female-headed households seem able to
act on other forces that allow them to increase their household’s
resilience from unpredictable agricultural shocks.
We also showed how the benefits were distributed according
to pre-intervention levels. For wheat, the results were more
encouraging than for rice, as wheat diversification and yield
increases were insensitive to prior levels, while rice diversification
and yield increases benefitted those households with lower prior
levels. However, the intervention influenced the ability to recover
from shocks that was largest for households that had intermediate
prior levels of shock recovery ability. The most vulnerable
households, which are at lower percentiles for the recovery index,
also benefitted. Unexpectedly, the results of the analysis indicate
that exposure to the initiative had a negative effect on the ability
to recover from agricultural shocks for households with high
prior levels, indicating some degree of increased risk for the less
vulnerable households.
LIMITATIONS OF THE STUDY
This study is not exempt of limitations. The main one is
that although the SRL framework assumes that changes in the
institutional context can affect livelihood outcomes in two ways,
we analyzed only the pathway from institutional change via
livelihood strategies to livelihood outcomes. Moreover, only the
existence of linear relationships within the SRL framework has
been tested, while other livelihood outcomes could be included in
the analysis. Furthermore, this study does not provide a detailed
understanding of the distribution of the effects generated by the
S4N initiative. Indeed, we do not have a plausible explanation
for the different distribution of benefits between rice and wheat:
surely, it will be important to target interventions in such a way
that the most vulnerable households benefit as much as possible.
Also, information generated by crowdsourced citizen science is
especially rich and could be connected in more direct ways to
the econometric analysis. For example, some varieties could have
a larger effect on the reduction of vulnerability than others.
Further research could improve the methodological approach of
the current analysis by adopting a qualitative approach in order
to better understand the relationships and interactions between
the different domains of the SRL framework or by refining and
outspreading the range of livelihood outcomes that could be
pursued by the households and drilling down on more detail the
effects generated by the intervention. Future interventions could
benefit from better understanding the way in which the benefits
of the intervention are distributed across households. This could
in turn provide information to better target the range of varieties
offered to farmers in diversification interventions.
CONCLUSIONS
The purpose of this study was two-fold: (1) to analyse the
effects of the largest citizen science-based intervention to date,
the S4N initiative that took place in Bihar, India from 2010 to
2017 and focused on rice and wheat cultivations; and (2) to
provide evidence on the consequentiality and causality of the
relationships between the outputs and outcomes of the initiative,
following the sustainable rural livelihoods (SRL) framework.
For this purpose, we implemented the RHoMIs as a survey
instrument on 600 rural households in three districts of Bihar
and we used the sustainable rural livelihoods (SRL) framework to
understand the potential multiple interactions that are activated
within the system by the intervention.
The quantitative analysis of this study provides evidence
that exposure to the initiative’s activities generated positive and
significative changes on the variety portfolio of smallholder
farmers. In turn, an increase in varietal diversification produced
substantial livelihood benefits in terms of crop productivity,
as well as strengthening the ability of households to recover
from the unpredictable shocks associated with agricultural
production. Furthermore, the analysis highlights the effectiveness
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of development programmes aimed at strengthening rural
livelihoods through participatory approaches and use of local
crop varietal diversity.
These findings are not surprising, as the initiative under
analysis was explicitly designed to promote the conservation and
use of a wider variety of rice and wheat by exposed farmers.
However, it is important to understand the magnitude of its
effects and its statistical validation. Moreover, these findings
can be considered in order to offer useful insights about the
effectiveness of different initiatives to policymakers.
We hope that the findings of this analysis can stimulate further
research on knowledge transfer and will be used in programmes
geared at reinforcing rural livelihoods through participatory
approaches and use of local variety richness, while sustaining the
conservation of important genetic resources. This is because rural
households are the main custodians of intraspecific crop genetic
variation, and they need to be recognized as such and supported
in their efforts to conserve it for current and future use.
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APPENDIX
TABLE A1 | Results of the exposure equation (Probit model).
Coeff. SE t-stat p-value
Human capital
Age of household head 0.008 0.005 1.56 0.120
Education of household head 0.084 0.042 2.00 0.046
Household size 0.027 0.020 1.31 0.192
Social capital
Gender of household head 0.399 0.157 2.54 0.011
Trust in people 0.862 0.175 4.94 0.000
Trust and cooperation community 0.249 0.103 2.42 0.016
Natural capital
Land cultivated −0.007 0.007 -1.12 0.262
Physical capital
Inputs −0.408 0.145 -2.81 0.005
TLU −0.193 0.066 -2.93 0.003
Financial capital
Off-farm Income −0.193 0.166 -1.16 0.245
Debt 0.287 0.116 2.49 0.013
Formal credit 0.762 0.318 2.40 0.017
Informal credit 1.019 0.344 2.96 0.003
Vulnerability context
Weather-related shock −0.104 0.058 -1.79 0.073
Financial shock 0.155 0.060 2.60 0.009
Constant 0.488 0.882 0.55 0.580
Obs. 600, χ2: 127.6, Pseudo R2: 0.153.
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